PURPOSE Although current practice guidelines do not recommend screening asymptomatic patients for lung cancer, physicians may still order lung cancer screening tests. No recent national survey of health care professionals has focused on lung cancer screening. In this study, we examined the lung cancer screening practices of US primary care physicians and characteristics of those who order lung cancer screening tests.
INTRODUCTION
L ung cancer is the leading cause of cancer death in the United States, 1,2 with a 5-year survival rate (16%) that is substantially lower than that for other common cancers. 3 Despite periodic debate about the utility of screening patients for lung cancer, [4] [5] [6] [7] no randomized controlled trial has demonstrated that screening with chest radiograph or sputum cytology reduces mortality from lung cancer. [8] [9] [10] [11] In the United States, a large, randomized controlled trial comparing chest radiograph vs usual care has completed accrual; results assessing impact on lung cancer mortality are expected in late 2015. 10 A second large, randomized controlled trial comparing low-dose spiral computed tomography (LDCT) vs chest radiograph in current and former heavy cigarette smokers, the National Lung Carrie N. Klabunde, PhD 1 Screening Trial (NLST), was halted in October 2010 after observation of a 20% reduction in lung cancer mortality in the LDCT group.
11, 12 To date, because of a lack of evidence from rigorous studies, major expert groups have not recommended screening asymptomatic individuals, even those with heavy or long-term smoking histories, for lung cancer. [13] [14] [15] Whether expert groups will modify their lung cancer screening guidelines based on NLST results is at present unknown.
Past practice patterns raise concerns that NLST results may prompt overuse of lung cancer screening among average-risk patients. Despite the lack of strong evidence and guideline recommendations, prior studies have shown that many primary care physicians order chest radiographs to screen patients for lung cancer. [16] [17] [18] [19] In the US health care system (which is decentralized), LDCT and other radiologic screening tests are widely available and increasingly marketed, and patients can obtain them through self-referral. 20, 21 Because primary care physicians are many patients' initial point of contact with the health care system and coordinators of preventive care, they may have a role in ordering lung cancer screening tests or interpreting their results; however, national data on these physicians' knowledge, beliefs, and practices regarding lung cancer screening are sparse and out of date. Four national surveys conducted during the 1980s asked primary care physicians about their use of or recommendations for lung cancer screening with chest radiograph; results showed that up to 45% ordered or recommended it. 16, 17, 22, 23 No recent national survey of health care professionals has focused on lung cancer screening, nor has any assessed the use of other tests that have been considered for lung cancer early detection, such as sputum cytology and LDCT.
The National Cancer Institute (NCI) addressed this gap by sponsoring the National Survey of Primary Care Physicians' Recommendations & Practices for Breast, Cervical, Colorectal, & Lung Cancer Screening. 24 We previously used data from this survey to assess primary care physicians' knowledge and beliefs related to screening asymptomatic patients for lung cancer. 25 In the present study, we use the data to examine US primary care physicians' self-reported lung cancer screening practices, including characteristics of those physicians who order lung cancer screening tests.
METHODS

Survey Methods and Study Cohort
We surveyed a nationally representative sample of primary care physicians between September 2006 and May 2007, using the American Medical Association's Physician Masterfi le as the sampling frame. Eligible respondents were nonfederal, offi ce-based family physicians, general practitioners, general internists, and obstetricians-gynecologists aged 75 years or younger whose major activity was patient care. Physicians who were retired, deceased, or located outside the United States were excluded. We selected a systematic, stratifi ed random sample of 2,576 primary care physicians using specialty type as the sampling strata and after sorting the sampling frame database by physician age, sex, and practice location. Physicians received up to 3 mailings of a questionnaire on colorectal and lung cancer screening, which had been cognitively tested in a convenience sample of 9 practicing primary care physicians before fi elding. A $50 prepaid honorarium was provided. Follow-up telephone calls were placed after the second and third mailings to encourage survey participation. Further details on survey methodology are published elsewhere. 26 The survey was conducted under contract with Westat, a research organization in Rockville, Maryland, and approved by their institutional review board, as well as by the US Offi ce of Management and Budget.
A total of 1,266 primary care physicians completed the survey. We restricted our study to the 3 primary care disciplines that see adult patients of both sexesfamily physicians, general practitioners, and general internists-which resulted in a sample of 962 physicians.
Questionnaire Items and Measures
Nine questionnaire items assessed primary care physicians' perceptions of the effectiveness of chest radiograph, sputum cytology, and LDCT as screening tests for reducing lung cancer mortality in asymptomatic patients aged 50 years and older (possible responses were "very effective," "somewhat effective," "not effective," "don't know"), with each item addressing the effectiveness of a combination of a given test with smoking status (never, former, current). Three items asked whether, during the past 12 months, the physicians had ordered a chest radiograph, sputum cytology, or LDCT to screen an asymptomatic patient for lung cancer ("yes," "no," "not sure.") Physicians also were asked whether, to the best of their knowledge, each of 5 national organizations (US Preventive Services Task Force, 13 American Cancer Society, 27 American College of Radiology, 28 American Thoracic Society, 28 NCI 29 ) recommend lung cancer screening for asymptomatic, average-risk patients ("yes, recommends," "no, doesn't recommend," "not sure"). They then were asked whether, during the past 12 months, any of their patients had inquired about being screened for lung cancer; those responding "yes" gave estimates of how many patients had so inquired.
As previously described, 25 we derived a measure of the intensity of the physicians' colorectal cancer screening recommendations from a set of vignettes asking them whether they would recommend screening patients of varying age and comorbidity for colorectal cancer. Our intent was to assess the infl uence of recommendations for another type of cancer screening on the ordering of lung cancer screening tests. Physicians who reported that they recommended colorectal cancer screening for patients with unresectable non-small cell lung cancer were categorized as high intensity in their colorectal cancer screening recommendations; all others were categorized as low or moderate intensity.
To create a measure of the physicians' propensity to recommend lung cancer screening, we used a set of 5 vignettes assessing whether physicians would recommend screening asymptomatic patients aged 50 years with various smoking histories for lung cancer: (1) never smoker, (2) never smoker with 20 years' exposure to secondhand smoke, (3) former smoker with a 20-pack-year history who quit 15 years ago, (4) former smoker with a 20-pack-year history who quit 1 year ago, and (5) current smoker with a 20-pack-year history. We grouped physicians according to the types of patients for whom they would recommend lung cancer screening: none; current and/or former smokers only; any smoking exposure, active or passive; and all, regardless of smoking exposure.
Other items asked about physicians' demographic and practice characteristics. The survey instrument is available online (http://healthservices.cancer.gov/ surveys/screening_rp/).
The American Medical Association's Physician Masterfi le provided information on the primary care physicians' year of medical school graduation, medical school location (United States or international), sex, specialty, board certifi cation, and geographic location. The zip code of the physician's primary practice location was mapped to Rural-Urban Commuting Area 2 (RUCA2) codes 30 and subsequently categorized as urban, large rural city/town, or small/isolated small rural town.
Data Analysis
We used descriptive statistics to characterize the primary care physicians' beliefs about lung cancer screening guidelines and test effectiveness, and their lung cancer screening practices. We hypothesized that the physicians' lung cancer screening practices might vary by their personal and practice setting characteristics, practice style, beliefs about lung cancer screening guidelines and test effectiveness, and patient infl uence, based on prior studies that have shown these factors to infl uence physician behavior related to cancer screening and test ordering. 25, 31, 32 We used χ 2 statistics to assess the bivariate associations of these variables with 2 dependent measures: whether the physicians had ordered (1) a chest radiograph or (2) LDCT to screen an asymptomatic patient for lung cancer in the previous 12 months. Variables showing a statistically signifi cant association at P <.10 were retained for inclusion in 2 multivariate logistic regression models. The fi rst model examined characteristics of physicians who had ordered a chest radiograph; the second, characteristics of those who had ordered LDCT. All covariates were entered into the models simultaneously. We did not generate a separate model for sputum cytology because few physicians (<5%) reported ordering this test.
Survey weights adjusting for undercoverage and survey nonresponse were applied in the analyses. The weighted data yield national estimates and their 95% confi dence intervals. We used SUDAAN version 9.0.1 (RTI International) in the analyses to account for the complex survey design.
RESULTS
Survey Respondents
A total of 962 of 1,363 eligible family physicians, general practitioners, and general internists completed the survey. The survey absolute response rate 33 for these 3 specialties was therefore 70.6%; the cooperation rate, which excluded the 100 physicians lacking valid contact information, was 76.8%. Table 1 shows the respondents' demographic, practice setting, and practice style characteristics.
Lung Cancer Screening Beliefs and Practices, and Patient Inquiries
One-quarter of primary care physicians believed that 1 or more national expert groups recommend screening asymptomatic patients for lung cancer (Table 2) . Physicians' beliefs about the effectiveness of screening tests in reducing lung cancer mortality in asymptomatic patients varied by test modality and patients' smoking status. For all 3 patient smoker statuses (never, former, current smokers), lower percentages of physicians expressed the belief that sputum cytology, compared with chest radiograph or LDCT, is effective in reducing lung cancer mortality. Higher percentages perceived LDCT as effective compared with chest radiograph. Physicians tended to rate the 3 tests (chest radiograph, sputum cytology, LDCT) as more effective in current than in never smokers.
More than one-half of physicians reported that, in the past 12 months, they had ordered chest radiograph to screen an asymptomatic patient for lung cancer, and nearly one-quarter had ordered LDCT (Table 2 ). In contrast, less than 5% reported ordering sputum cytology. Overall, 38% had ordered no tests, while 57% had ordered at least 1 of them. More than two-thirds of physicians reported that at least 1 patient in the past 12 months had asked them whether they could or should be screened for lung cancer.
In general, the percentages of physicians who had ordered lung cancer screening tests increased with their propensity to recommend screening asymptomatic patients for lung cancer (Figure 1 ). The proportions who had ordered such tests (chest radiograph and any test) were lowest among those who did not recommend screening and highest among those recommending screening for all patients, even patients without substantial smoking exposure. In contrast, a similar dose-response relationship was not observed for LDCT: although the percentages of physicians who had ordered LDCT were higher among those recommend- ing screening for asymptomatic patients compared with physicians who did not recommend screening, they did not vary by patients' smoking exposure.
Characteristics of Physicians Who Ordered Lung Cancer Screening Tests
Our 2 logistic regression models showed that several physician and practice characteristics were associated with the ordering of lung cancer screening tests for asymptomatic patients (Table 3 ). The odds of ordering a chest radiograph compared with not ordering this test were signifi cantly greater among physicians who graduated from medical school 20 to 29 years ago; believed that 1 or more expert groups recommend lung cancer screening or that chest radiograph is effective in reducing lung cancer mortality; saw 76 to 100 patients in a typical week; would recommend lung cancer screening for asymptomatic patients, regardless of smoking exposure; and had at least 1 patient ask them about lung cancer screening in the past 12 months.
The odds of ordering LDCT compared with not ordering this test were signifi cantly greater among physicians who graduated from medical school 20 or more years ago; were general internists; were in practices with 6 to 15 physicians; believed that 1 or more expert groups recommend lung cancer screening or that LDCT is effective in reducing lung cancer mortality; would recommend lung cancer screening for asymptomatic patients, regardless of smoking exposure; or had patients ask them about lung cancer screening in the past 12 months.
DISCUSSION
To our knowledge, this is the fi rst national study of primary care physicians' lung cancer screening practices to consider sputum cytology and LDCT-the new modality assessed in the recent NLST-in addition to chest radiograph. Four prior national surveys have evaluated primary care physicians' use of or recommendations for chest radiograph 15, 16, 21, 22 ; however, those surveys took place more than 2 decades ago and did not include all 3 primary modalities that have been considered for lung cancer early detection. Our fi ndings that a majority of primary care physicians reported ordering lung cancer screening tests for asymptomatic patients and that patients have recently asked them about lung cancer screening suggest that ordering of these tests is common among these physicians, as are patient-physician discussions about lung cancer screening, even though at the time of the survey, lung cancer screening was not recommended by major expert groups in the United States. Although direct comparison of our estimates with those of earlier studies 16, 17, 22, 23 is not possible because of differences in study designs, it appears that US primary care physicians have not decreased their practice of ordering chest radiographs to screen asymptomatic patients for lung cancer.
Primary care physicians' ordering of unproven lung cancer screening technologies has several implications. There is potential for psychological harm from false-positive or false-negative test results, and physical harm from invasive procedures performed to follow up false-positive screening tests. Results from the NLST's feasibility phase, the Lung Screening Study, indicated that the issue of false-positive results is nontrivial: the percentage of screened participants with a falsepositive examination was higher for LDCT than for chest radiograph, and LDCT showed a false-positive rate on an initial screen of 21% and on a second screen of 33%. 34 Imaging tests can also contribute to overdiagnosis of lung cancer and other conditions, 35 and to radiation-induced cancers, especially with repeated LDCT examinations and the diagnostic imaging that often follows positive examinations. 36, 37 Finally, use of unproven lung cancer screening technologies ultimately drives up health care costs. 37 To better understand reasons for primary care physicians' apparent overuse of lung cancer screening, we examined the potential infl uence of physician and practice setting characteristics, physician beliefs and practice style, and patient demand on physicians' lung cancer screening test ordering. We found in multivariate modeling that physicians who believe expert groups recommend lung cancer screening or that screening tests are effective in reducing lung cancer mortality, said they would recommend lung cancer screening for asymptomatic patients, or reported that their patients had asked them about being screened for lung cancer were signifi cantly more likely to have ordered chest radiographs or LDCT as lung cancer screening tests in the past year. Physicians who graduated from medical school 20 years ago or more were signifi cantly more likely to have ordered LDCT. Our fi ndings that physician beliefs about screening and older physician age are associated with ordering lung cancer screening tests are consistent with previous studies of chest radiograph ordering. 18, 22, 23 The fi nding that patient demand is associated with physicians' reports of lung cancer screening test ordering parallels earlier work showing that patient requests infl uence physicians' ordering of genetic tests for cancer susceptibility. 32 Our assessment of physician characteristics associated with the ordering of lung cancer screening tests may aid efforts to target educational interventions to physicians most in need of updated information about lung cancer screening's evidence base and guidelines.
Strengths of this study include its large, nationally representative sample of practicing primary care physicians and high survey response rate. Our study also has some limitations. Physicians' self-reports of their lung cancer screening recommendations and practices were not validated with other data sources such as medical records or claims. To minimize respondent burden, the survey module on lung cancer screening was relatively brief, and we were not able to ask more detailed questions about specifi c characteristics of patients for whom physicians ordered lung cancer screening tests, such as type and extent of smoking exposure. We also did not ask whether the physician's practice had chest radiography available on site, which may infl uence chest radiograph ordering. Lastly, we did not ask to what extent physicians may be initiating discussions about lung cancer screening with their patients. All of these are key areas for future research on physicians' lung cancer screening recommendations and practices.
The disconnect between lung cancer screening evidence and practice that our study documents provides important context for considering the potential consequences of the recent, highly publicized NLST fi ndings. 38 Those fi ndings are specifi c to individuals aged 50 to 75 years who were current or former smokers with at least a 30-pack-year history of smoking. Any change in screening recommendations that might occur as a result of the NLST would apply only to this select, high-risk population and 1 specifi c technology (ie, LDCT). Our results showing gaps in primary care physicians' knowledge of lung cancer screening and use of unproven screening modalities suggest that in the United States-where most cancer screening occurs opportunistically rather than through organized programs-a substantial proportion of the adult population could be inappropriately screened unless there are concerted efforts to inform primary care physicians of appropriate interpretation of NLST fi ndings and how best to apply them in practice.
Finally, 3 additional factors heighten the need for educating primary care physicians and patients about lung cancer screening's evidence base, guidelines, potential harms, and costs. First, anecdotal evidence suggests that announcement of NLST results may have prompted some medical professionals to more widely promote lung cancer screening and their LDCT facilities 37 ; second, the US general public has an overly positive view of cancer screening and limited understanding of its potential harms 39 ; and third, use of computed tomography scans in general is rising rapidly in the United States. 40 These factors along with our study's results and the evolving evidence base underscore the importance of continued monitoring of primary care physicians' knowledge, beliefs, and practices related to lung cancer screening. Note: Race/ethnicity, geographic location, and medical school affi liation were not included in the models because these measures were not statistically signifi cant in bivariate analyses at P <. 10 .
a Indicate a statistically signifi cant odds ratio. 
